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(57) Abstract: A laser device which can be used as a light source for an exposure device, can be downsized, and is easy to maintain. 
A laser beam (LB6) emitted from a DFB (Distributed feedback) semiconductor laser, for example, and amplified by an optical fiber 
amplifier is passed through non-linear optical crystals (502, 503, 504) to be sequentially doubled in frequency to thereby generate 
an ultraviolet-region laser beam (LB5) consisting of an octuple wave. A GdYCOB, that is, Gd x Y 1 . x Ca 4 0(B0 3 ) 3 crystal (0<x<l) is 
used for the non-linear optical crystal (503) for a double wave-to-quadruple wave conversion, and a KAB, that is, K 2 AI 2 B 4 07 crystal 
for the non-linear optical crystal (504) for a quadruple wave-to-octuple wave conversion. The non-linear optical crystals (502-504) 
are all fine-tuned in phase match angle by temperature controllers (521-523) respectively. 

mmmj 
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AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — P 2 X^zi — K&lttfiCDIIISlilC-Ol^T I*. SJ8$Mt$*1-S 

(AT, BE, CH, CY, DE, DK, ES, FT, FR, GB, GR, IE, IT, &PCTtf-gv h<D#5Il::*§«£*l.T OS Ta— KiBgfi 
LU, MC, NL, PT, SE), OAPI ft¥f (BF, BJ, CF, CG, CI, <HH4 J — I- J £ #B8. 



CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



(57) ^8): 



^X^B&I/— 1fgST&<5. 0>J;U£DFB (Distributed feedba 

ck) ^^u-if^ewtaanT^^T-f A--ii«»Tii«an»:u-- 

tfft (LB 6) (502, 503, 50 4) \ZMV 

T> W*«**ft2«tebT8«il[J:Ofe**^«OU--1f3'16 (LB 5) 
£fg£T£o 2flHft*5 4tt«^©*«Sff3#»#*t¥tta (5 0 3) 
CttGdYCOB, EP^Gd, Yi-« Ca 4 O (BOa) 3 GDjjgfl (0^ 
x£l) 4ffif«^6 8«ift^©*ai*ff5#l»»^lt» (5 0 4) 
CttKAB> gP*>K 2 Ah B 4 Or ©^^fffltS. &1&Byt i £U 

(502-504) <D±T<DGLnm&M<Dmffim&tn^numMffl 

(521-5 2 3) KcfcoTirS. 



WO 01/20397 



PCT/JPOO/06131 



1 

m m m 

5 &ffi#m 

mzm^. mz^mitx?* mmm^ (ccd&£) , mghmmm^. 
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2 4 8 nm) t^JB £ *lT:fe D , IftTttlCIiftOA r 

tf (tI19 3nm) ^r^fflf Z>myt&W<Dm5£i)m& ^ntl^„ 
5EtC, I+'>?U-1f©#B , e**F2 U— ■ if (ei5 7nm) 

fllAtfXSR r*'Longitudinally diode pumped continu 
ous wave 3. 5W green laser", L Y. Liu, M. Oka, W. Wiechmann and S. 
Kubota; Optics Letters, vol. 19. pl89 (1994) J ~C\$, a|M&#U — 

Tt^o Z(Dm^mx\t, N d : YAGU-tf®56T5 1 0 6 4 nm(D 
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1/ — tf & m & m & t & £ i/ - if <d m m t & * • 

ffH^tf»j|¥8 - 3 3 4 8 0 3^&&&tf**]fc-rs*H#!T^S 
5 5, 838, 709 *tT«, U-1f U-1f ftf££BP£, 

■!f^56^IK3&^©^«:#*l^^<eftfc<J; 0#*ftfci£ft£»-r*»fi 
S*j£3n*^--!fg*£*ftffi, ThUy^^tt (0»J*.fc£ 
ioxio) KiMafcT U-f 1f]&*«363ftT^&. 

20 Sdi:^©rajS^*ofe. 

c:ne»«»ow— tfSriii&Mnm-ttft-fb-rs^tUT-f > 

y x ^ y 3 > H S^iU < a ^ tit i/^ (fllAtf* Walter Koechne 
r; Solid-state Laser Engineering, 3rd Edition, Springer Series i 
n Optical Science, Vol.1, Springer-Verlag, ISBN 0-387-53756-2, p 
25 p. 246-249 J #38) . ZtLlZ. mMX ^ £ h ;HHS®»5^#— © U — If 

U-1fg*K:#&U d©U-if^*«|3»fti L 
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*%wizmfrz>£jzm&. mytmwvytmizmmx^zt&iz, mm 
25 *^w\z&z>&u~— vmwte. m*&}\zmftyt&m£.?z>u-*?mw 
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sg£*r*u-if3te5S£SB (i i) z<Dis—*fyt&*k&fr*>?&*kt£n 
fcu—*fyt$:mm-rz>yt7T-(^-mm^ (22, 25) ^t^>^ 
m& (18-1) t.* z(Dytmmmz&^Tmn-£ntcu-*?yt&#n 

»>fe*ISft*ffl^T*^R:*««l*r****tj|« (2 0 ; 2 OA ; 
2 OB) «hS:fllAfct>©T*S. 

Wl^.tf5i6Jg»[ft**fWWSnfcDFB (Distributed feedback) 

—if, xi^T'f a— tf*©/j\S!T5S!B^^^ h)v<Dmuyt?&zm 
in:i^Tt§, f it, ^©u— if^^^ap^e©m—&s©u 

z corns, ytyT^^-mm^tvxu, 0«*.«x;nfOA (Er) 

• H-y • Tfe^ 7-f A-igigSg (Erbium-Doped Fiber Amplifier: ED 
FA) , <yf;Hf»>A (Yb) • H — ^ • >t 7 7 -f /1-i|9tt» (YD 
FA) , y^-t^-i/A (Pr) • K-y • %7t^ A*— ii"HS§ (PDF 
A) , XttyU^A (Tm) • H-y • ytyy^C A-lfijisSi (TDFA) 

©2^iS14 (SHG) &tffnrai£5g£ (SFG) ©M^^^ii^ 
^-^T\ *«W©|glOU-if^itTtt, (2 0) te, 

*o^*«»K:±oTii«snfeu-if3te*«M»r**fto#*» 
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ytm£& (502-504) m&&mm<DtiLtt&&&<DM&&?T'D 

^Wgi (5 2 1-5 2 3) tZmZ-T^Z* Z<D£?\ZM.m.fflffl\Z 

*BS*fi:fflfiE^ (Non-Critical Phase Matching: N C P M) 
W0^«ftiT»§ rwalk-of f j £&^£^5*iJ,& ! b&3o Mfc, 

£?Bflifc3S£K:J:* 8i&$i&MWt£VT$£§iTZ>fflft (6 2 2) 
S58'JfOA (Li 2 B 4 Or ) (Dm^B. IP*> L B 4 IT 

SfP««[56^fcJ:* 8ffiF»[&«n3ttbT»^-r*aS» (6 2 2) , X 
( 5 0 4) (CK 2 Ah B 4 Or <Z>&J|, U^KAB^ B H B &f ffl ITV^ 

(5 0 3) l:Gd» Yi-x C a 4 O (B0 3 ) 3 (DISH, BP 
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(O^x^l) <2<t£l$^bT*tJStFr^0l«£fToT, 4{£#Etf)^£ 
^BSlMfirtBSE^ (NCPM) TfTASJ^ftSSilfclLT*^. CtllC 
J:^T^HM^ B B B rt-e0l*S (2ffiF«0 £iSJlH& (4«fi) <htf> 
5 P^o^^tnT*5 TWalk-offj ^^C^Vi/tee), fg^L^iSiii&feA 

sfc, *^0j<D^5<Di/-if^eT«, mw-ftz is— if mm 

tf^56^» (11) Ml/— !f3tf6**^6»*Snfc 
l/-1f7t^^'l'I^^7t^T^A-iii|>Sl§^Wt-^7 , 6^'l'S^ (18-1) 

tc, *r<D7mm&$ij£-rz>m\z. 2»«, 5<g&, &tf6*g& 

A«fi2 2 1nm®7M$Mnit:, /3-BaB 2 0 4 (BB 
&&^VB^BBO$£ih%m^Z>'&m&&Z>rzisblz, 
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Sot, J£-i£g®U-1f3te£3§£t-5U-im^£g& (1 1) 
Ol/-if^^J#i|iS-r^7 l 6^T-1'; v ?-ii>l'I§§^Wt-^7 , 6^'|iS^ (18-1) 

2 0 0 nmi«KTO*n3tl:«fi«!ftt5»fi«ll»i:Si^, ^CD 

£n£®#U-ifg*fc*tr>Ttt, S36£TS 
10 l/-1f3te£«&£#l!£'r £>3fc#l!gS& (14, 16-1-16 -m) £M 
fcflt;^ ^CD^^*S^ (18-1-18 - n) \Z*r<D&mz#1&ZniZ 

^-rsu-if^fSfeBS (id tf^fs^«^&5S^$nfc 

l/-if^?:^im07 , em^^lKt-^^^K^ (14, 16-1-16 -m) 

(2 2, 2 5) &m>TitttT*IMfc<B3teJeM (1.8-1-1 8 
25 -n) <h, COltfC^^^i|rI^^e)CDli^cD^m^m^fcl/-1f7 , e^?l 
M©^»^^lgS (601, 604, 607, 615, 622) £ 
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ffl^T^ftfc&fi&ftf SiftfiSESiaB (2 OB) ^©iZfcS 
£&gBfci\ ^©P— tf^t©K*iftXttfl5»|»[«kD*:S»l tf— A (6 5 
0) , Rt«©U-1f3te©l«Wift.fc0fc5J&2 tf-A (6 6 0) ©fnjg 
Si4(lJ:^Tilit^^t§|TO^ B ^ (6 15) fc, ^©1 1 H 
5 -A*#^r*«»©3fc*©*-ft-6n£, ^©l2t-A^Mt^l 

SS©»&*#M*:£«3te¥^ (6 12) tm^fcOT^S. 
10 #l^-1f^tt*a©U-1f3tt5Bfe«Bj&*65fi*bT^*fe*, ft II Hie ft 

£\ i£ll©SgJS#H4k:«fc D rwalk-of f j d©^£\ m^tr— 

15 fefitAW3ttUTft , 5«^, &»3&¥£&tf<5fc«>fcfcf— A£K»T 

5^<D^S^^T 1 9 3 nmli^fT^i^ 
. WTte, 4<&&fg£, Rtf7te&B£T rwalk-offj tftkCZtztb, Z. 

mx&s 4m&ttjj*Mtmt<Dmm-t)mfc2>yt¥mz& ommvtc 

mtrlz-D^Ti*. #I£© 7 ffif«[»^TJ4 4f&Jft t 3ffififei©lf-A*a 
25 la^^tl)^I?5^§ 0 k-A(Dl^*btTH 2O07t$l:*^T, 
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X<h~>U > H U*;i'V>Xt0ffl^t)'& (6 0 9,6 1 0) KJDAT, 
#k-A0»aftii:0f&$§IA5*^«l^^ (6 12), #iJxJ£ 

^^Hf^OSB^JT^^J^itfeDO E (Diffractive Optical Element:® 

So 

0 0 k H z g* ©i(S^fllS»T$IC«Wt 2> 1 1 AtTt 5. ftoT, 

PjcSP^^#^fea5{i^A o ;vxx^;i/^— £ 1/1000-1/100 

f UT, tflTUfU — tfftf8£BBT&£j&* 1 . 5 Mm, #H1. 5 44 
~ 1. 5 5 2 MmicPg^^nfclz-lfT'e^^MU, 
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HSWI^-iUfiC 1 9 3 - 1 9 4 nm0KW#5ns. £fc> 1/ 
— tf3fc56£*»£: UTjfefi** 1 . 5/im#ffi, #C 1. 5 7 - 1. 5 8 m 

5 MftLO^Qi&'rt^mmz&^X, F 2 U-if iHSWtl^-iSSO 1 5 
7~15 8nmOMW^tl§, IWUtHc, «^L«U— *f3fc38&»£ 
LTWl. lym#I, 0 9 9- 1. 1 0 6 /im(:^$ 

t. ^<D^7,?<D^?-><Dm&mm±iz®B?%&Bytm%t&m%. 

25 0M(7)ffi¥75:mBJ 

0 1 te, *»WO^Jfi©^JS©— M©*^5B^^«Sr*-rHT**. 
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®2\z. mi ^(Dytmm-L-y his-i-is- n (DM&m&Tsi-t m 
Mz^-tm, (b) «^oiss^^Hi52 o om 2 omm.m^^'t m-e$> 

bj co - if ^ g £ m m L tz h <D *C $> Z> 0 

(a) te, ##J©3W^fg£^m£^U (a) K43l^ 

(Dm^w-— &&<Dmm®. (cw) <£o&3&fii. 5 4 4 Mmcoi/-if 

^LBl^Mt^o :©^-^LBlH 5Mfr#0^£IS±ir-i>*: 

^©t-t v i/-^ 1 s 1 zit-isTyt^mmtLTvytmmmT 1 2 ca 
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I S 2 ^iMT^ 1 ©T^^l^m^iUTcO^M^^gSMcDXyU yfl 

±©Mt^0, *#UT^m= 4 T$>^)o Tfc? 7 -f A— Jgflggg 1 3 <h b 
Tte> lg— i£g38^U — +Fl i *^M$ns U-1f^L B 1 tugcfct 
fiifS 5 44/imM) <7)7te£^i|>iT£ 7i#> x;Hf£ 

A • F-y • 3t7 (Erbium-Doped Fiber Amplifier: E 

dfa) m$nt^5. yty 7^ /^-mm^si 3\z\t^fm^ 

U— lf#>£CD&fi (9 8 0 + 1 0) nmXte ( 1 4 8 0 ± 3 0) nmCD 
iE3fe^i^nTt/^o EDFA£:i3^T#MftJB&*fc.fcS&ft©JE 
^O^B&^-rSfcft^^, a^tlTSfi ( 9 8 0 ± 1 0) nm(DU 

&43, ^7f;Vt'7A (Yb) • F-7°-^77^A-, RtfXJl/t: 

7AM77^t'7A^n • K-7°lfc)fe77'r ^-©SSftiiLT 
(9 7 0 + 1 0) nm©ft7&*&JBT#5. 

03*77^^-15-1, 15-2, 15-m^lUnftlI 
2(DMKif ^tT©?I^lOX7*'J 7^16-1, 16-2, 
-, 1 6 -mtcA&f bT, ^n^n&&ll— &£©n*©U-1fftl;:# 
lK$n5o n«2^±©g|&T$>9, *«iltlin = 3 2T*5. £§ 1 CD 
T^l&ffl^ (14) ^2©3feMif (16-1-1 6-m) 

HI/ -If 1 1 !5^MUl$n§ lz-if^L Bid !£:#; iltn • m:£ 
(*«TB12 8*) ©U — tfTt^^fiJ^n^o 
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fit, ^^'Jy^l6-1 3&^l*fflSnfcn*OU — if3tL B 3 te, 
I^H^§S^CD3t7 7-rA*-l 7-1, 17-2, 17-n* 

^•UT-en^nftao^isieaj^UT^^ieeiL-y ms-i, is 

- 2 , 1 8 - n fcAW"UTl««$n*, ^tm^OL-y M8-1- 
5 1 m—WL&RMU — *f 1 l^e>14$ni>l/-1f^LB 1 

IWJC&fi^ (##>JTtel. 5 4 4 ymftS) (^Srif "IsT -5 c pg&fcftfi 

nfnSI/il:I^51$©^77<A- 17-l~17-n ^jl-tTt 

io mznz>o 

mmnytmrn^-v ms-i-is - n^m^m^nrcu-^ytu. 
^n^ftytm<m=L—y ms-i-is - nfa<Dffi%.<Dmn&F--7-£ 

15 9 $Iit5mEOn*©^7 7nA- <DMS0&(£>fi2 te:5^ £«£|WI 

— T££ 0 III, • A> FJl/ 1 9 £m • n*(DK^lzmC 

M8-1-1 8-n^mmzntzu-^yt&^n?ni$mTzmF- 

20 -YA- • A>F;H 9*T©«*r±t)3fc»ttii*«43&««rit*nT^*. 

^i^^gtLTBt^fiJM^^i^^T- (Time Division Multiplexer ) 

^7 7"f A— • A> 1 9^5l*ffi$n&U — tf^L B 6 \t. $m 
25 »^*^*#"r**«Jft« 2.0 fcAtt IT^Mi 0 fc* P-nf ft 
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%~77^n- ' A*>K;H 9 0ffi7J^l 9ail 0 1 (b) t3 
5 ^-Tcfc 5 m • (*#ilTte 12 8*) <D%7 y -f A*— 

^19 a Of 7 7 < A-Oftli, 2 0 

# 377-1* a— • a>h;h 9 &m&f?z>&yt7 7-r n—w v hb:^ 

10 «1 2 5iimigTS?)^t^f), 1 2 8*^rR^{-m^a^^^CD^^ 
T-^n- - A>F;H 9(Dtil7J)^l 9 a<Z)Ifigd 1 2 mmJEAT i: 

#0»l©i£fi^g|gB2 OTtt Att1-^l/-1f3tLB6^8^ 

15 »f5tLB 5 tc^tft-r*. ¥— «s56iiu-if i u&^itffl^nsu 

— tfTtLB 1 (Di&gtel . 5 44 /imtS?)f:^ 8 f&iftillifcO&fite 
A r Fi^->7l/-1ft|gC 19 3nmtS:D, 1 OffiffliiflftOftStt 
F 2 if (37-/UII/— if) £>&fi ( 1 5 7 nm) tg^Ul5 4n 

20 ttttfc^i^tcte, iMM2 0T1 0MiI^Mt5t*l:, 
«Efi56SU— tf 1 1 "^te&S 1.57 yrnOU- tf^£*5g^mtf 

HfflftlCte, «fi5fiSU — if 1 1 GDfM&gS: 1. 5 4 4- 1. 

5 5 2 MmiltiSLT, 8fgfti:f ^t^C tCJ;^^ ArFl^ 
25 ~>^l/-if tmM&)\zm— (19 3~19 4nm) <£>$5S^#q#£> 
n*. -tl/T, «fi56fiU — If 1 1 ©56fi«[*& 1 . 57-1. 5 
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m&mzm—fe& a 5 7-1 5 8 nm) <Dmftyti>*&*>tiz>* m^x, 
z.ne><D&twt&£.mw*: : z*i j enA r fx^vu— tmsu &tf f 

->JH;p«fc0fil*83ttS (W^HOnmf) COD 

0iJiLTtt2 0 0 nmg^T) T<k^U, 8 1 O^^^^T 

15 ¥-«[fiT?58«t**-«*3Bfil/-1f 1 lilTH 0iI*.fc£3SS&g 
1. 5 4 4 /zm> SttttttiA (KT, rcwffi^j Ttti**« 
2 0 mW0 I n G a A s P MtB.<DD F B (Distributed feedback : ^-^5 

1 pm&TKttJA^nSo iftgfgJIil'— !f 1 1 i:bTH ft 

25 7A (Er) • F-y • 7 • U-1f#£ fctefflf* £ <fc#T# 

3o 
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^(Dtctb, -?7.?—5£M& (Master Oscillato 

r) tvx<DM~^mmu-^ i i ©fsjgftfts— jt&fifciiiira-r* 

\&t}$L&*mmm-?z>z\ 
10 s*«tt#:rticjR«ft$nT^*. ^z\x^mx\t. m-^&mmu-^f i 

is ittf- tf i i <Dm.m&n'mm\zMW-?2>o zz.x\ df 

B*mftU-1fi3.£X\$ J t<Dl&m.& 0 . 0 0 ltffiTMt^^i:^ 

■tf i i &mW]-rz>fci&<Dnti (d f B¥mfcu—*?x\zmmnm &m 
tumizfflwtz. 

20 DFB¥*frI^-1fO56««fttt0. 1 nm/tgg©fitt#t$: 

-5-©D F B#3M*l/— If <Z)i&££0fl*.« 1 
(iSSl 5 4 4 nm) T^-^cD&S^O. lnml^t^. figo 
T, 8M (19 3nm) TttfOSS^O. 0 125nm^Cl, 1 
(15 7nm) Tte^cD&fi/^ 0 . 0 1 nmlftt^CilCf^, 
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5 fir, ^©56S«ftSBfs©jftsJc«s»-r*i»©7-<--Kny i7iw 

10 U-if 1 1 tUT«^M!5gfiijifil. 5 1-1. 59wm(DDFBM 
nm~ 5 3 0 nmCSIt&S^, COiSSKH ^^^^(D©iR^^ 

igic, 0j^i^it«, ^om— if i 1 ©agtg&ssrfliffiw 
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muE) <DmW}&mmT*%\ ®Aftxm%m:W.(D±L-t>±w\zw'?z>mm 
*mm-?z>z£&°5i&z.tez><> ^izmmizxtut, mytmmomm* \z. 

mm^ i 2 te, ft $986 u:<koTF7-i'A3 &ftvxmwj-znx^z> 0 
*mf&mxte-Mhvx, z.<D%^mm=f-i 2\z^-oxn)vx^i n s , 

IDIlMt^lOOkHz (A°;i-XJl$ 1 0 p. s ) 

15 z'&TzWi'giz-o^xmw&'fT?, zwmtzyt^m&n ofc^^> ft^fa 

4§-8\ A;l/X^<Dfc 0 — ^ffi^te 1 0 mW, ^£B?Jte 1 tiW£t£Z>o 
20 7^*5, Miif 1 2i:UTi^^iif^fflV^i^Ctt m 

ffim<Dmmmt\zfto^*-7iz£&¥mfau-^&t!<Dfo&fctfr)fii 
bji&3&£i o o kHzg^iii^t^^ticio, Wift-rzytm 

25 tfl^L- y hi 8-1 — 18 - n ftCDTfc:? 7 -f A* — igiUgg^^ V^T A S E 
(Amplified Spontaneous Emission: &f£tkft?t) S -1 X(DBWlz£Z> 
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5 & 9 1/ 1 0 0 0- 1 / 1 0 0 0 0 SfiStd/hS < £ 

11 (DFB¥3g#U — 1ffc:£> ©«^«llli:^agWI*?-l 2 
+f 1 1 Oi^jlUIICioT, 1 0-2 0 n s g^© A 0 ;^Xl|>s£W 

15 ^£>^©-£&©^£^Dffi-r, W^*it»/tHi*»lns©;U 

f€^p B iRi§^fg^©i§i^;&i^©#it&££«fc o^^^fei^f^cii^pj 

7 7^A-i(!«g 1 3 ^S^cL, 3 5 d B ( 3 1 6 2 fg) ©3fcJHB£fr 
25 ^„ I0ttA 5 ^7fe«. fcf-#ffl;*J*?J6 3W, ¥^ttS^J^6. 3mW 
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^■V^;i/0 — 3 (7)4f@(DttS^7 (^JTHm=4) S-M^JfrfiJ-r £ <, £ <£> 
0-3 C£>£-ttS77£> #*fi$©S^§^77-fn- 15-1- 

7fe77^/t-W0fellM^2 xi 0 8 m/sT$.^)it, 

;KK 1, 2, 3C^n^nO. lm, 19. 3 m, 38. 5 m, 5 7. 

7m0S$^77<A-l 5-1-1 5- 4&&WftZ> 0 Z\<Dm&. 

&X.7 t< ^-<D&nx<Dmv&?^^*)im<Dyt<Dmm\z9 6 n s t 
us* z.<Dmizyt&mmt£^zrci&<Dm&m?ziisTmm-?z>yt7 

A- 15-1-15-4$, M^t^ ril7 7 <A'-j id?^ 0 

^<£> 4*CDjlM^ 7-f A-<£>£iJ7j£, 4m<DX7°V 1 6 - 
1~1 6-4Tlt:3 2i (*f!lT1Sn = 3 2) tf>£JB 7j ^3fc?U#§iJ 
7,yj y ^T^^;K) - 3 1) U £-if-4 X32i (=1 2 8i) <D 
?-*r*)l\ZftmTZ>o ^LT> €-X7°U 7^16-1-16-4 (7)^-f 

T-f 17-1-17-32 $iilT, »»-T«^^^;HB-K: 3 

ns©n^r B ^4A5. cntiot, Tt^3i©.ii}*(:n 9 

3 n s <Dmtentoifi**X.z>tlZ. — SBl*^fg4S-CO*X^ r U 7 
* 1 6-1-1 6 - 4Wl:H, iftieo.k'SfcilM? 7^ n-CioT, 
^®A^^T#« 9 6ns ©i!®l$W#4-;SL &ftT^3„ 
^TiH-12 8ft^JK5Mt, HO^^ft^K 

^ 3 n s <Dmmmmz&~D^)\sxytfimt>nz>o 
z\(d^m, *i»jtii3t77^A- • n>n;n 9^e»jwm$nsu— 
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1 2 8©^-^TiTt5. lot, S(IWl:#^nSU-if5tLB5 

issnfe;ux3tti^i; 100kHz (n)V7.mm io<ts) t&£ 0 
^ot, i/— ins 1 2 8 /t;w*a*3 n s mm 

10 9. 6 2 At s (D^PS^fiV^T^(D/\ 0 ;i/X^iJ^^^t- 3 £ 

l^lDIl^lOOkHz TtT^tl^o 

6 2 At s ®^f63t©nflW*«^Ufc**, #3d&m, n£±gin£i££, Xtt 
15 S3S7 T-Y/t-^ck DS< lTl.«|)4ft3 fT^), 

J^±<fc D^JO^yj y^l4, 3t7 7^fA- 1 5-1-1 5 -m, 
xyijy^l 6-1 — 1 6-m, ^mM7 7-fA'- 17-1 — 1 
20 7 £#:<hLTPf ^fU^M (Time Di vis ion Mul t iplexing : T D 

M) ^a£«j5£LTV>5£fc*fcT;i£j&*T€r*. £43, #0!lTteBt# 

^^©^Ti^lTfe J: Vi 0 Sfc, *W07^J7^14, 16- 
25 1-1 6-mtt¥«*iS[KlT*5di, ^n^l:«A«7 7-f ^-7 

7 c u y Bs^iaa&fflVifcif-Ax^'u y^fcffiimt^ 
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^i!i^M{f-r^>J:-5 IzLXhXUo Z\(D£%, If 1 1 

10 Ell (a) tC&UT, mll©Iii77^;t- T <i A- 1 7 - 1 

~ 1 7 -n) saiaufc^— if^tt-tn-6n3tii*B3.- ^ ms-i- 

1 8 - n CAIftT^li^nSo ^^JcD^i^ijilZL- «/ M8-1-18 
8-1 ibT^fflTf h 1 8^)1i^^J{CO^mHJ-r^^\ 

is ^ne.^^^"!'!^- ^ h i 8-2~i 8 - n llt hmm\zmm-? 

y M 8 teX^i;: 2©<D^-n j 6*ix;nf r>A • H-y • %yr^n— 
*i*g§s (Erbium-Doped Fiber Amplifier: ED FA) <£ D ft^? t 

20 A-t§H§§2 2&t£2 5 SiiLTi^StlTl^. ^LT, lgg© 
3t^T-r A-iii|>I§§2 2cDji«g|U3ta, i^^A^yj ^T^fctf) 
©i&ftrfrfiJ^S (Wavelength Division Mul t iplexing : WD M) 
(J^T> rWDMtfJ tf 5) 2 iB^ii$n, WDM 

^^2 1 AR^'2 1 Bl;ioT^n^na^il<!:lT©.¥^#l/-if 

25 2 3 A/^OSIjjgTfcEL 1 U~1f 2 3 Bfr<b<Dmm%:rf. ?t 

7y^^-m^2 2\zm'&fr$m%'£nT^z>o mm\z, 2^@cd^ 
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C&£K2 1 D^^^n, WDM$f 2 1 CSr>'2 1 DtlioTftlf 
rL¥«#I/-lf 2 3 3 D^cDS^^^? T < A-titfi§§2 

5C»^ftl&$nTl^. BP^, ^7 T</t-ii'|iS^2 2, 2 5ft 

%~7 T-i A*-iS'*iS2 2, 2 5 te^n^tlA&i-r^ l/--tf3^L B 3 
(^JTfti&ft 1 . 5 4 4 Aim) (D&ft£#ir#J*.k£*>J 1 . 53 — 1. 
5 6ymgg©^©7fe^t§o £7c, t£7 7 <4 2 2 , 

2 5 ©f^t^5WDM$1 1 2 1 B (hWDMHf 2 1 CtOfflC, $E 
^J^^^;l/^2 4 A&^R D3tSait5fcfe07'f V l^-^ I S 3 # 
iiSnt^S. i^t7^J^2 4Ai:tTtt^Il7^J^, Xft 
7 7</1- • ^"7V^f ' 'fV-'rj (Fiber Bragg Grating) 

^JM&^T, Hll (a) T-f A— 1 7 - 1 fr$<D U — if^L 

B3tl WDMtf 2 1 A^ltf77-1* /1-*tt«»2 2 CAItl/T 

t^i^n^o ^<D?t7 t n-m&m 2 2-vmmznfcu-*fyt-LB 3 

ft, WDMlf2 1 B, ^m^^^;l/^2 4A, 7-f Vl/-^ I S 3, 
S^WDMif2 1 C^bT3t77^fA-iifSS2 5{CAMLTSlX 
J|(B$n5. igflSSflfc if^L B 3 ft, WDMif 2 1D^IT 
0 1 (a) 0^77^A- • A>H;H 9&mf&~rZ> l*03t77-fA' 

fij#ft— bT^J4 6dB ( 3 9 8 1 0 ®) T&£o fit, 01 
(b) 077°U7^16-1~16 -m^ StH^Sn^.^t^S: 
(m • nfi) £ 1 2 8<H<hUT, #3=-^ *)V<D¥-i%thtl 5 
^;i/^thT©¥^aj73ft^J 6 . 4mWta5. 
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2W£fc2>. Cin£A 0 ;i/Xi|ig 1 n s , /^l/Xlttl 0 0 kHzTA°;i/ 

tti7jtefU2 5 6W£fc£o 

ZlClTte, 0 1 (a) (DX^'J-^H, 1 6 - 1 ~ 1 6 -mT0ig 

^77^ J«46»2 2 , 2 5 <D'j>fc< th 1 "I? ©i|9ttft|»&± tf£ 
10 Z£\Z£K). &^**)V<DU— tfft£>ffi73£±fE©M ( fc£ tf - # fcB 
# 2 0 kW&i:) -ffc-T S^i^T^S. fcfc, 02CD^77^fA 

-it«»2 2R^2 5fcJ:*i««5pJ#*^bSii-«)i:tT, 01 (a) 
»S52«U— If 1 l<£>fcB77 (S^^^ai^) £fui£bfcfii<£ D 

15 0 2 ©fgj&WC&^T, iM7^J^2 4AH 0 1 (a) CD^;^ 

t^ASE (Amplified Spontanious Emission) 7t £ # y b L > ^c>0 

1 (a) (Dm—^&mmu—^i i^e.m*$nsu— 

20 |fc-r* 5 bOT*S, CntcfctK A S E^^^^cd^^ 7"f A* — igJISS 

2 5 fcAWUTU— 1f)t©ii*BfU»*teT$'li-*0*B6±-r*Ci:*«T 

u^T, »f «7 >r 2 4 Att^©SMfig*t i p m gg-e 

ASE3tfi58fiiliftTnmiHT*iOT, 
01 (a) <DJ£— jftftSggU — tf 1 1 ©aj73jfcfiS8Mi$jK:g 
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^oCIT^J:^^ -?-<0ttl2Jifc*©Rj£« (i^gtttt-^JtlT 

SRS (Stimulated Raman Scattering) RtfSBS (Stimulated Bril 
louin Scattering) ©J^SfcteMSnsfctf), & fits D 7>«$!l£ 

$ I S 3 £#AT5 £££*M£L^. 
15 ^A«WDMif 2 1 D^^ltai^nS 1/— tf^LB 3 (Z> — HB£# 

if3tLB 3 05 l e*^ ; E-^b> z. <Dytm&±ffi<Dytmm=L— v mst 

fcu— if 2 3 A~2 3D) a>ffi#£fWI|-rn«<kv>. 
20 ±fe<Z>^6£©7&«iTte, m-^s^^i/— ■ If 1 1 ilt^It 

KSSSifcfil. 0 9 9-1. 1 0 6 Mmgt©l/-1f^$^UTfc 
«kt^. Z\C0£ -5tzU—*?ytMt ITU DFB*iftl/-fft5litt< 
y^;Hf»>A (Yb) • F-:/ • 7 7^ A*— P--»fj&*&fflT!#*. £<2 

^r^tf 990 — 1200 nmSS©&gJKTig^SS:fT"5^ y TJUftfA 
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(Yb) • • %?7^ A-JtHBS ( YD F A) ^fltnia^. 

CICDit^Kte, 0 1 (b) ®SMISIi2 0!:^UT, 7fg&£tti7J-f 
^^ilCctoT, F 2 I/— tft^IWt:l§l-©tSl 5 7~1 5 8nm 

Hfctt. »EfifBSU — if 1 lTGD^JMfi£9 9 0 nm#fitl 
T, IlIM2 0Tl*tCD4M^|li^t§J:^:lTfei;K £ 
maoT, K r FX^-VVU-lf £|S| — ©}fc;&2 4 8 nm<£>^^£ 

K^^3l#aimTffl^e>nT^^)'b<D (5~6Mm) «k 
K) feJEV^ #J*_te:2 0^3 0 ymO^^- Hl77-<A-^fflt5 d 

S25) fcfe^T*Hi*4ft5fc»l:H ^cD^^e- H§7 t-T A-tc 

77^f A*— &m^% £5 fcbTfc.kH. ^<D%7 T-f A — Tte, 37© 

au^^u— »f^oi««i3flF#"r*-f t>^H-^snT*D, itussn 

F U-if£#y:/'J >^*-f ;©^177 

1/— !f3t<DgiS^lT* 0, ^Jl^^E- KfgSO¥3H*W— if 
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TtfiJT'$)l.. 

15 jgfc, 7*77i^h^77, XttiftH7>7X^^77 (B i 2 O 

3 B 2 Oa ) Z3=tt£-?Z>yt7 t< A-*, #l:g«fg(D7t77'fn- 
Jt"l6l§^UTfflt^ck"5ilUTt)ck^ e lit, 7**7*. -f h#^X 
^7 7^^11, *?&gK:*±*B7C* (fllAtfXJUf^A (Er) , 
Xttx;Hf£7A (Er) i-f (Yb) <h(DM7b") ^r3T{C 

Jt^T> x;Hf7A (Er) OF-yiSlOOfg^lKtSIi 

25 td^Tf, ftTiE©.^ iCXSfltig©^ ^ y F&m~Dyt7 7-i A— igffi 

gffCOffiTj^gi IT 1 . .51-1. Se/zmMT^CH F- 
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yt-5^t>itTXJPh*^A (Er) iZtU^-i 7T^t*^A (Yb) 
5 - 9 7 5 nm#5fit:^oT^D, Z. <DjE&<D tST^^r M&£f^& 

£|W|Cffi7«5 (19 3-19 4nm) £#£fc#>©^ U— tf mW\Z 

15 5 4 8 amx*mntf*% <-&z>ttn*m&z. iiifim&isK. 

5 5/im#I©t+nm0iMHt, itt5!W¥S^:f«J#«:j#0 «fc "5 \Z 

ffll^tl^, Z\<Dtztt>Z\<Dm<D7 7^n — TteU 1. 5 4 8 ymt^f 

5 5 Mmtti£<Z>h°— ^7 ^fi&MJ K ~> ? h£i3\ U>tt5gtlil:y7 
h£-fr£$J^£^ 0 tot, 1. 5 4 7 Atmjfi^TfiJ^*^c#<-r* 
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£J3^3*§'£K ! b, nT{C^»0U >^Jn^^Ct^J:0> 1. 547 

03 (a) te. 2^^Pe^^^^^D3lbT8fg^^f#^^i:^T# 
§^MM2 0^^L„ :©03 (a) fc&^T, 7 T -i A*- • A 

> f;h 9 ©ai^ass Hail t^i/t^snx^s ? \zmx\% 1 2 
io fix, ^<££-7fc:7 T-r a- + ©is&j&*«&2 o Mmigot- fbb 

(n TBB) ^^fnfntSl. 5 4 4 /zm a> t?2>) <DU 

^0 1/-«LB6 (26*80 tt, 1 ©S^>#^^^^^5 0 2 \Z 
15 A&U u CX0 2 J: 0S«© 2 fgC^fet 2 o) 

Slil/20 7 7 2 nm) © 2 f&jfc#«3S£T*. Z\<D2&mt. IfeftU 
>X5 0 5 51X2^10^111^1 5 0 3 CCTfeU 
£K2#:i^fii£fg£C£D> Alf&©M^|[2w(D2§, IP "feS 
L4fOflft*4w (tSttl/4©3 8 6 nm) S^4ftiS[3i<5g4 
20 -r^,,, ^4Ufe4M«I^M^>X5 0 6 ^jMX3^@O#^ 
3fc3MSft 5 0 4 Kit^K ::tS^2*I«4l:ioX 1 Attfe© 
M$iifc4 (D<D 2 f&, gP^^^U 8f&©ffi&&8 wSttS 8 

(tSttl/80193nm) £© 8 U-lf 

)tLB5ibXlfti]$ni>. fiP*», u0i^JT«, (ill. 
25 5 4 4 /zm) — 2{g& (tS 7 7 2 nm) — 4«i& (tS3 8 6 nm) 
^8{g& (iSl 9 3nm) ©jefcjfcBgtfcj&tfTfrn*. 
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^©^i^fT^ 5 0 2 tl^^l^^L i B s O s (LBO) 
d YCOB, IP^Gdx Yi-x Ca 4 O (B0 3 ) 3 (D^Fb (O^x^l) 

wt>K2 Ah o, (D^^B^mm-r^o 

x©i$illt, 2{£i£^b 4{gi£©fg££#BafM4*BS-£ (Non-Cr 
itical Phase Matching: N C P M) Tff 5 &*1JS#t^£ ^o^H 
10 £bT&3o NCPMH #^^*S(P B ftT©X;fc& ( 2 ii^ 

p& (4{§&) ^p^^t* nT&& rwaik-offj i)mz.<bt£^tz&. 

iS^I^T4fg^-\<D^^^pJHg{CL, S^^^bfe4^^«Walk-off(3 

15 *^^tl5. 

Hfc* #0»IT«, *IM^«ft5 0 2, 5 0 3, 5 0 4©iTt:f 
nftlMOTgiS 2 1, 5 2 2, 5 2 3*t«tSnT^5. M&fft 
iiI5 2 1 -5 2 3 H -^n-^niP^^^ (k-**?) , KfUg^F- 

20 (Dmmtofrz<DMmmm\z&^\,>Tftmmyt¥&gk5 o 2, 503, 5 
^ii5 02-50 4 {z-D^Tmmmmx^mm^^<Dmmm^nz> 

25 :ii:iot, TWalk-offj Ofc&Klfllj&lsnT, mWkXbm 
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^7£^H5 0 3^LBO^ B B B J;r)iM5^, X«3ggOlM 
^ H B B 5 0 4^SBBO (Sr 2 Be 2 B 2 O7)^ B H 0 J; 0iE£lTfe 

5 03 (a) \Z&^T. ft? t < A*- • A> ^ )V 1 9 t&m&yt 

3**511 5 0 2 <h(Df B ^C, U-lf^L B 6 <DXMHfam*M#>Z>titb\Z$k% 

u>x*mtfz>z\ttim^is^o z.(Dmz, %v y-r a- • a> fjh 

9 £r#§J&-f £€-7fc:7 7-f A'-O^E- (3 7S) WJ^H2 0/img 

10 0 0 Mmg&T&5fc«K ^7 7^^-*!: 1 0 tegft<Of&5£G>|R/h 
U->X£t3!ttT, #7^^ T-T A-^£!l*ffi£n£l/-1fft£#^^ 

VK\Z, m3 (b) te2^P&fg££^J?mf§£££m^fc>-£T8 
15 M$ll^.^i^t§^M2 0A$^l, u(Di3 (b) 

^T, yt7 7 4 A*- • A>H;H 9cDffi^j«^l 9 a^e&ffcti^tlfc&g 
1. 5 4 4jtimOl/-tf^LB6 Ji, LBOfeS«k0ftt)5 

lg*l©#MflJg^¥*&il5 0 7 HAUL, ::t02^I«4tij; 
D 2 It- «M^^i5 0 7 *£^#&<E>-£B# 

« 1 / 2 5 0 8 £MiIiLT, **^(7)^^{i7 , e^r^^ 

7tu>X5 o 9^tlb o*s&«j: t> &s 2mm(D&mmyt¥%£M l 5 

1 0 l:AWT5. 

25 #*I^¥*SII5 1 OTtt, W^L B H 5 0 7T^4bfc2M 
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2 ^^D-f 7^ • $7-5 1 1 IZ&OftM-ZtLT, y-i & 

P-fy^ -57-5 1 lTR»$nfc3ft»tt, 57-MlTSI^n 
It^1/>X5 1 3^IoT3gg0GdYCOBigij:D&-5^ii^ 
5 5 1 4 tCA*f-r&o ££T3teifc;i&*2&jfi5iBi£58£K:J;?> 6fg& 

(&S2 5 7 nm) fc&ftsns. #HM^f B 5 1 4 t> 6 & 
^Sr^Jg^MafflSE-g- (NCPM) TfT? £ 5 mf&£5££> 3 A° 7 ^ - 
^xcofi^iiM^nTfeD, rwalk-offj ^£^£U&<&oT^£ 0 
-75, ^^D^-^'$7-51 1 2{£&12|R7£U>X 
10 5 1 2W$7-M2?;iT^^D-f7^ -57-51 6 tCAItf 

#M§U&ft3MgJi5 1 4Tt#e>tlfc6^^fem7 l ei/>X5 1 5^ST^ 
^D-f • ^ ^—5 1 6 ^AIsfL, d ^T^tf) 2 6{g&£te|W| 
$AfC tlT 4^@® ]3 - B a Ba CU (BBO) H <£ D & 3 #M 

^#^015 1 7{-A^T^o #lll^^&S.H5 1 7Tlt 6Mi2 
15 i%$L£frZmm$im±lZ£r> 8m$L (S119 3nm) :08 

i%mzmK<Du— tf^LB 5 tbritm^n^o 4&m<D}mm 

Jt^ffiikS 1 7 «hlT, BBO^^ B ©^0l:C s L i B e do (CL 

bo) fsn^m^ir tfepjtg-e^^o ^^?im^^§ig^{g;T 

LTfe^L^X-ftl^l^te, #M)tm5 14tlT, BBOig 
20 H^ffi LT*>£^o u©tIfi^2 0AT«, m*$i (jftfil. 5 
4 4 Mm) -»2{£i& ($57 7 2 nm) -»3fg& (i^l5 1 5 nm) - 
6{g& (&fi2 5 7 nm) -*8jg& 19 3 nm) <2jHI;i&§^ 

^Tc. ^mx^±^<D$mmyt^Pm5 o 7 , 510, 514, 51 
25 7 \z^n^n^m&mm(DmMumizmw^ztz®<Dummwmw5 3 

1-5 3 4^gf$n, ^^M^I^J:oTfe^M^^(D^i^M^lT^n 
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T^Zo Z&mz. 5 0 7 t 5 1 0 tTHS!)II 

E © £ 3 Kl 6 2 £ ©— 2r *t#R3fcIftfc»o T 4 R g ©#Mft 

5 ®iB<D}mmyt¥%iigk5 1 7 }:MLTA^$tl.l7 l £l/>X5 1 5, 
5 1 2^SV^I^^^^Ett^ut^Tt§. 3tl 
©IMftEMfc^lgft 5 1 4T{K^il^{3 rwalk-of f J #3g£U ffi;ft£n 

X5i5, 5 i 2^su^0^ssic:iBgr^c:t^j;D, MZ-umytu> 

10 X5 1 5 tlty'J >FU#;i'U>X#£JB^*££^a*TiJfi£fc?K 
^7^18115 1 7T©2f&a££©Sfrt>SB£iiiraS1*'T\ 

©s ££rf>spJ^T&3o 

75:43. 2 ^§©#^7^^115 1 0 t4gg^i^m H a 5 1 
15 7t©f B 1©i^«i3 (b) KHESnSfc©Ttefc<» 4gg©#i)g 
7£3M§®5 1 7K6<S&£2{S&£^BfKA^T3£5J;:, 6fS&£ 

<£V> 0 Efc, «;U*2gi^©#M^7t¥l£»5 1 0 tra-3te*fc±k:3« 
l^4gl0^Mm B B 5 14 ) 5 17&EHU 3g:g©#£i 
20 »g B B B 5 1 4T3f&&©*£ 2&i6iHi&5S£K:«fct) 6MCfil 
T, ^S^^$tl/ci:^2^&i:^iC4^@(7)#^^^^^ B 3 H 5 1 7 ICA 
&J-£iiTfc<fc<> mCckD^^D-f 7^ 1 1, 516?; 

^C, 04«2^i^P^^^ch^^^^^<h^m^^t>.-&T8{g^^ 
25 #S ^ t^Tt-59J©tfi^ !ftffi 2 0 B£^b, C®i4tI^^T, t£ 

y r-in— • n> h;h 9 ©m^ass i 9 a^sitnisnfcftfi i . 54 
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4 tfmOU— if^LB 6 l©B<&#i6l^3fc3Mgil (LB 

10 gOim^^ll (LBO^i) 6 0 4HAIft?.„ 

*E\Z&r) 3 S#&<D-gB;&lK2{§^CD-^te^<£>3; 

-r^MolbfcS*^S.^2{g^<h^, - ^7-6 0 51! 

15 iD^^nt, ^W^D^y^ • ^-6 0 5TS&f$tt/t3f&$m, 
2^(Di/'J>HU*;i/lx>X«i;D^^##^W^^7 , 61/>X6 1 0M 
3^-6 1 1 ^r^TtH^^l 9 a0| (^(D^om) Zm&TZo 

m-rzfzVxDisV > h u*;vi/>x -7H6 1 2 ^lag^n-r^So 

20 yU>HU*iH/>X- 71/^ 6 1 2 ^rMilL^c 3 •fgiSH > ^tfj&lft 
?£U>X6 1 3$:^T^V^n-f • 5^-6 1 4tCA§rt£o 

— -ft. ZU^vZ ' ^^- 6 0 5 ^mM\^tz.m^WLms2\^mt 

MytU>X6 0 6 ^M3 0»m B B (LBO^I) 6 0 7t: 
At\fb, ^^T2fg^«2^iSP^^4^cfc^T4lSjSfC^^$n, 4 
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^7D^f y# • 5^—6 1 4 IZXUV. &U>( y& • * ? — 6 

(bbo) ®iM 1 £r)£zz>#mmy£¥®iM i 6 1 5iiAStiT, ftm&m*k 

y ^ • 5 ^-6 1 7 ICA^T^c 

;H/>X -7H6 19 ^i3fi^nTV^ 0 ~>>J > h u *;n^>x • T 
K6 1 9 $7-62 OR^f ^13fel/>X 

621 ^mx^^ & n-r -^-$7-617 icAi^-r*. ^ut, ^-r 

15 B 4> IP^L i 2 B 4 0 7 (raHSKU^A) ©jg&«k9&5^5© 
^jH^7t^^i6 2 2 CAIfbT, £ dTtf)?nj^i£3E£k: c koT 8 
(^19 3nm) timZtl, u©8M)5W^l/-lf^LB5t 
lTltaiSn§. ft:fe, 5gS0#^m6 2 2ilT, LB4 
i&l&<0ttJh D (IKAB, fiP^K 2 AI2 B 4 Or (DmikZ&mt %>Z\£ 

20 fcTfS, :®iMM2 0BT(i (ftfil. 5 4 4/xm) 

^2{S& (tfi7 7 2 nm) — 3 (ii5 1 5 nm) — 4{g& 
S3 8 6 nm) — 7 2 2 1 nm) — 8 (Hi 9 3 nm) 

25 £4te&, S^M^^6 1 5TOfni^M4t^7M 

tetti^eti rwaik-offj mmzk-DTmrnrnftfimvim wm^m \z 
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£*rr*. fib, *^j-eAi*r^i/-if7tLB c^mai 

5 3 4{g&6 6 0, &£W«?B3fc3Mgfi6 0 4 J&> S3S£ b& 3 ftifc 6 5 0 

(Dmmmvtte. m5\z*k-r&viz, 4M6 6oairfflM^SRf(D 

^j£6 6 0 aOl^t^D, 3{g&6 5 0 te»f®JIM*a*R7g©3fcJfc 6 5 

t6 5 0 £4fg}£6 6 0 £&mte&t>"&T&l£WL6 7 0 itl»t, d OD 
10 &f&$i6 7 0 ^P^T^T^e 7 0 a teS& 9 8&©Sd£#/.h$ < &o 

s 6 izTjk-r^oizm^jjfaizmmisT, i^?©M6 6 1 a^i?®^ 

15 #K&R7&©4teft6 6 1 4M6 6 0 (i^iM 

¥&II6 0 7 *T*gfc$nfctfcS&£^b, 4{£&6 6 1 te^H^T^fg 
B B B 6 1 5^T'gi$nfctl^tTl^o ^tli:MfTbT> BUfccfc 
^T*^W&I3tU>X6 1 0Hi:^T3M6 5 0 $, 4fg&6 6 

0 trau^iRifc:fi«fbT^oirfffi^«*'&to-a-s. mzn 

20 5 3M6 5 1tt, 0 6 fc^-T.k^ £#<£>»rffijgmte 4 f&}£ 6 6 1 

ftjfi6 6 1 a t©fi&0«i©il^/hS<&*. 3M6 5 0K 

#££^7^^116 0 4ffT^$nfctl^l, 3M6 5 1 
^Wfcm^l^Xe 1 0l:ioT^$n^i^LT^5. 
25 J e-^m75:D^<7)SiJ^$^:#<-r^7"c^{3, 13 4 *3 ^ T\ 3M6 5 

1 <DmmW<D7&&T?i'V > H U *;i/U>X -7K6 12 £<k^T<@* 



WO 01/20397 



38 



PCT/JPOO/06131 



6 5 2 H 0 6 iisti^t, ±fc<DmmmttW4fe$L6 6 nz&m-r 

Z>£.mz, mx<D?t$i6 5 2 a ©BrM^flc t> 4 fSi& 6 6 1 <D^3C 6 6 1 
5 2 J4Ai*Npa:rai;««IH:T^jMl»3t#tea6 1 5 \ZV U-1Stl% 0 Z 

#^^t"6^^ b b b 6 0 7 £Mj&-f £S##c£— £ 
^6<)^$7feL/>X6 1 8T^^bfc^> ^OfilSv'U > H U * 
;H/>X • 71/^ & 1 9 HioT^^tT^S. Ztl\Z&^T, #H 

0 4O^TH ■>'J>H'JMU>X-7K6 12RrJt6 1 
9 te^-n^tl 3 5 1 5 n m) ( j£g 1 . 5 4 4y 

m) ©5tK-hfcEii$nT^s 0 dne><DS^pj^^R^#^^Mji 

1 2&£*6 1 9 ©ia^ggt^oTV^o 

^J3t^m<i:LT'>U>K l Jij;H->X- 7H 6 12, 6 1 9 j&t&JB $ 

gp^DOE (Dif f ractive Optical Element) lXfe«k^. 

03 (a) Rtf (b) O^S^^BB2 0, 2 OA, i4©iS 
£&SB2 0 B CO V^Tf tl^n^f t ^Jl/Sfc 0 CD 8 §ft (SSI 9 3 
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nm) ©^ffl^fcjUa&oT^fcffi, Ait £ V— if %<D&^\ *)V 
mtc D ©tf — ^ • /W — £ 2 0 kW, /Ijl/T^S^: 1 n s > A';i/X$iD 
L)l$^§'l0 0kHz, 5p^m^?:2W<i:-r^i:, il2 8ft^ 
0D^tfT«Mn(D^S^^^2 0, 2 OA, 2 0BTSoTt)i^f 

ftfe, ifilM2 0, 2 0 A, 2 0 B tm&<D$iJ&\Z&-DT. 
$E 1. 5 4 4 m m) 2 7 7 2 n m) ^4 

3 8 6 nm) ^ 6 (M2 5 7 nm) 8 (SeS 1 9 3 nm) 

<D)m\z$L& : £m-Tz>z£%vim-v$>z>o m\z, m*®. m&i. 544 

ti m) — 2 (i&S 7 7 2 n m) — 3 (i&g 5 1 5 n m) -* 4 ffi? 
& (tfi3 8 6 nm) — 6 (i£fi2 5 7 nm) ^7 (M2 2 
1 nm) — 8 (i&fi 19 3 nm) ©IH^S^I" & H tiaoT 

F 2 U — If (iil5 7nm) tgg|-0&SOKMI# 
^fc&lcte, 01 (a) ©¥— ftftaMKU-lf 1 1 K:*^T*4t5* 
#jfc©&e&l. b 7 fimtVX, &IfM2 0tL,T10M<Z)i 

5 7 /zm) -*2<g& (ifi7 8 5 nm) ^4fg& (i^S3 9 
2. 5nm) -»8§8 (Sftl 9 6. 2 5 nm) -*10M (tH5 
7nm) ©0Kftft&Jfc*fT*-tf <fcV>. 

F 2 U— If (ill 5 7nm) £ — &fi©JRfl>ft&»£ 
fcfcfctt, Ell (a) ©m— «E*56fiW- J ^ 1 1 l:*^T^4t5l* 
1. 0 9 9 /imtlT, &g£ifcSI5 2 0 £bT7f&j£©fg£ 

(Sfil. 0 9 9 ym) -2<gS (il5 4 9. 5 nm) - 
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(tfi3 6 6. 3 nm) -*4{g& (il2 7 4. 8 nm) — 7 fgjfc (ft 
(CJ^UTEI 3^^|H4(D^ISgcD^^ii|fIillCDli^^Sffi-r-2> lillio 

5 ®8te> $i^mW>2 0 (DW\<DMJ&M%:^L. £ ©B 8 £43U 

X, 5 4 4 /imOU-if3tLB 6 «, U>X7 01 

§^tt»m B a H (LBO) 7 0 2 £A#tU CuT2M^ 
£U S^ftOD-^fe^jg-r^o 2 ^^o-r 

7757-7 0 3-C^gi$nT, S#ftte5 7- 7 0 6&tfU'>X7 0 
10 7?:lT^^D^7^5 7-7 0 8CAltt, 2Mttl/>X7 0 4 
5:££5 7-7 0 5 &HT^ 7P-f 7 7 5 7- 7 0 8 iZXMV. 7V 7 
D^f 7 ^ 7 - 7 0 8 T^SE$nfc)tiWiM^ B H H (LBO) 7 0 

^V7D-T 77 5 7-7 1 0, 7 1 lR^7-7 1 2, 
15 l/>X7 2 0 $lT^^O<7^^7-7 2 1II[p]*Hi, 2f&&«, 
1/>X7 1 6£«T#MfcJiM£3**SS (LBO, CLBO, BBO, Xtt 
LB4f^f,^) 7 1 7 T4f&&fc&&$nfc&, U>X7 18, 7* 
<f 7 P-f 7757-7 1 5 «r«T*j»^^tSa (BBO) 7 1 9CA 
#rr&o 3f&fttt» 1/>X7 1 3 , 57-7 14, ^^D-f7 

20 7 57-7 1 5$IT«^^7 1 9£A*fU C:t3Mi 
4te&£©fDJ3i£SS£-C7f&i£j&*SS£T5. Z<D7i%mt. U>X7 2 
2 ^IT^ 7 n-T 7 7 5 7— 7 2 1 fcfiJj&H^ 7*< 7 P 7 7 5 7 
-7 2 lT^J«anfc*2|c«[RV7««*«#«»3t^tt* (LBO, B 
BO, CLBO, KABI) 72 3 T8M (ifil 9 3 nm) t^}£ 
25 Z.CO 8&m%mft(DU-lfytL B 5 £ LTM&2tLZ>o Z(Dfe 

fi^glSBTte, S^ft (Ml. 5 4 4 /xm) 2 ^ft— 3 f&ft— 4 ffif 
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$E-*7{gi£-*8{g& (&fil9 3nm) (DM \Z ^g^^^ff t)tlT 0 
##JTte, #1/>X7 0 1, 7 0 4, 7 0 7, 7 1 3^ttfnfni 

@9 (a) te, &g^^2 0 <7)MKSiJc7^j&M£^b, CCD 
09 (a) tC&t^T, i&fi 1 . 5 4 4 mhi© V — if 7^ LB 6 
te, l/>X8 0 1^lt#«m(LBO) 8 0 2(lAMt, 
::T2|gM4l, S^^cD-BBfe^il-f^o COS^^tf 2<g 

6&r»>X8 0 7 ^IT^^O-f y^7$7-8 0 8 HAltl, 2 fg 
mtU>XS 0 4RI/5 7-8 0 5 ZmT?^ ZW( v 7 — 8 0 8 

id Att ^-r^p-r v ?$7-8 o sT^^n^Tm^^^ 

H (LBO) 8 0 9 ^T3M§^4L, 2{§&, 3 <g 

^^n<«^57-8 10, 813^=7-814, 
1/>X8 1 5 ^iT^-f ^7 D-r v£ $ 7 — 8 1 6 ^IpJAH^ 2^i£te, 
^^D-f «^$7-8 1 0, 1/>X8 11, ^7-812, *?^>7U 
<-;^7-8 18^ITW^m (LBO, CLBO, BBO, 
XSLB4^^5) 8 19KIAUL, 3fg^«^-f ^D-f ^55- 
810, 813, U>X8 17, ^^70^7^^7-8 1 8 £S£T# 
iI^ B B B8 19l:AlH, IIT5M»L, 2{g&0-Bim 
^-c7)££i§ii-f 3„ f IT, 2|£&te, ^^P<^$7-8 2 0, 
1/>X8 2 1, $7-8 2 2, ^^□-f7^^7-8 2 5 $:lT^ 
^t^ISH (CLBOXttBBOiO&S) 8 2 6 1:AM.t, 5fg&te 
^^□^7^^7-8 2 0, $7-823, 1/>X8 2 4, 'BtfS?^ 
^7D<7^$7-8 2 5 ^^T^0^7t^^B B a8 2 6fcAS#U CdT 
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^—8 2 7 > U>X8 2 8 $^LT^^D-f y ^7 ^ ^—8 1 6 

T^^Hr (LBO, CLBO, KABf) 82 9 (til 9 

5 3nm) \Z^Wk^tlZ> a I0 8<g$^M©^-f ^LB 5 iLTlflti 
$n^)c ^CD^S^^^-CH, Ml. 5 4 4 am) -^2<g& 

-3{&&^5te&-*7{g2£-8te#c (i&fil 9 3 nm) CDjlgK&g^m 

10 /^3§^£:i6, 7^& (S12 2 1 nm) T©iRcD& £ B B O ^JSt" £ 

6fg#c ( 2 5 8 nm) &l£5f£& (3 0 9 nm) X'\t, BBO© 
©JRte: 7 mmzlk^T-i-ft'l^ ^fztb. B B O fcffiffl LTfei^tti:! 
tlT^&o £7c, 6^^J: D 5{§^0^^B BOcDKiR^^^l^c^, 
15 5M^TBBO^ilffit^ui^i$L^ 0 BBOSfif 

8{g}£ ( 1 9 3 nm) <D%$iifi pJ^Trfe 
El 9 (a) CD^TS), §1/>X8 01, 804, 807, 81 

20 £fc, 09 (b) (£>#ij&#m, (ftfil. 5 4 4 /zm) -> 2 ffif 

«-*3f&&— 6ffif&->7f&&—8f&^ (Sfil9 3nm) ^fflliC^ft^ 
Jft*«fft>nT*D, 2fg}£^£ (co + co-*2co) ©#*l?&ft3Mgil8 3 
2liLBO, 3ig#Efg± (co+ 2 co-* 3 co) ©^jH^^JSS 8 3 9 
LBO, 6{§jg^^ ( 3 co ~h 3 co *■ 6 co ) £>#i&J&ft9Mg|f, 8 4 1 teB 

25 BO, LB 4, XliCLBOT'SO, 7te&3§£ (co+6co^7co) CO 
#Wm B a8 4 7«LBO, LB4 (BBOfepJfg) T&D, 8 fg 
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fom$L (co + 7 co->8 co) 0*»M^I8 5 4eLBO, CLBO, 
KABf) T&S. Jfc, »X8 3 1, 836, 837, 842, 8 
45, 852, 8 5 0 t, 57-8 3 4, 835, 843, 844, 8 
5 1, 8 4 9 t, ^^D^>^^7-8 3 3, 838, 840, 84 
5 6, 8 4 8, 8 5 3 £7&*IEfi$nTV>5. 

mmiz, mi o (a) nmi&myz. m*®. 1 . 544 ^m) -» 

2fif«-»4ffiF«-*5««— 7(&«— 8fflFift (ftfil 9 3 nm) ©ICS 
fiX&J&*frfcft"C**K 2{g&^!£ (co + o)— 2 a)) - <0#j|ft»3t^lSil 
9 0 2SLBO, 4f£&fg£ (2co + 2co-»4co) (7)**|^^^jjga 9 

10 0 6HLBOXHYCOB, 5 ( co + 4 co — 5 to ) c7)#Hje*7fc 

m9 12ttLBO, CLBO, BBO, 7 ft& 

fg£ (2 co+ 5 co-* 7 co) 0#ifM^ B H B 9 2 1«CLBO (BBO 
fenjfg) T£D> 8{g#E3!£ (co+ 7 co-*8 co) 0|fHM^F B 8 5 
4ttLBO, CLBO, KABf) T^^o V>X901, 90 

15 5, 907, 910, 913, 915, 923, 9 1 8 t, 5^—90 
4, 909, 9 1 7 t, ^^O<7^^7-9 0 3, 908, 9 1 1, 
9 14, 9 16, 9 1 9 tdtEfi$ntV^. 
|f3<SSfc> 0 10 (b) (Dm&Wfo* (&fi 1 - 5 4 4 Mm) - 

2 4 6 f£z£- 7 8 (Ifil 9 3 nm) ©JHKS 
20 S35Sl^fft)nT*»3, 2{§&^£ (co + co-2co) 

9 3 2BLBO, 4fg&^£ (2co+2co^4co) <Z)#lft7g3£¥&lfc 9 

3 5ttLBOXttYCOB, 6{£$E^£ ( 2 co + 4 co — 6 co ) <D#MM 
ft^lgll 9 4 2 teC L B O, BBO, XSLB4T&0, 7 

(co+ 6 co-+7 co) ©MM^IS B B B 9 4 7 (iCBO, LB4 (BBO 
25 8*g#Efg£ (co+7co-8co) 0»^i9 5 

4SLBO, CLBO, KABf) !/>X9 3 1, 9 3 
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4 , 938, 940, 943, 946, 952, 9 4 9 <h> ^7-94 
5, 937, 939, 951, 9 5 0 #OU<i »j ^$7-9 3 6, 
941, 9 44, 948, 9 5 0 ttfMWZtlT ^ 2> 0 

±m<DnM<Dmm-C\Z. mi (a) iD^^^^tlmllOn 
m<D%mU^-—V hi 8-1-1 8 - n(D ft, t)<D DCD&m^ 
M2 0~2 0BtIMIbTl^o ^CDftfrDK. 
^IA.^m' Wi (m' «2J^±tf)g$c) CDi£:fi^mBB£J3;iU miacD^ 
hi 8-1-1 8-n (DfcB7j£n ' ifOm' 

fern' f@ (*m-e\Z&\7L&m' =4Xti5f) ODSt^^fifc-T 3 J: o 
(CsB 3 Os ) UE&m V^T t)^V^ e 

±fSO^M(D^B<D^n7 , e^^^«^J;n«, 0 1 (a) cDt^t-T 
A— • rt> K;P 1 9 <Dthtjiffi<DW.&&±3 Lj r*)V&'&lDl£T : b 2mmg 
^TT&£7c£k ll@> Xtegfcffi<Z)$c;g^gB2 0Tt^T©ft^ 

bTV^fcJe), fefi^gl^ ¥-&SfSlgl/ — If; RtfX 

&\z. mi (a) <Dm^m^mm^m^r^m^m(D-m\z-D^m 
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i7«, ^mcomytmm^^i,, z\om7 \z^^x, 
tixn 01 (a) (Dm^yt^±mm^(Dm-m&mmu— tf 1 i*> 

ibmUOiyt^m^— y hl8-l~18-n 3iT"CDfflfttfmm £ tl£o 
5 S^19 3nm, 15 7nm, XttW^^MtHTt^i^tCH 

7 ^A-1 7 3R^1 7 8te^n^nEll (a) O^T-fA- • A*> 

7 2\%, mytftUl 7 l*^0S*^S:MfIlTl/ 
— tf^LB 5 £VU%mftm<Dmftyt%:ltitl-?Z>$Lm : £mU (mi (a) 
15 ©SSfM2 0H^t§) T&D, Bg^^l6 2tt, ^©St^O 

7JCn >5^>1t]/>X^£l#J&$ru SftPf KteSSBj^ i 6 2^£Mffi 

U^^;H 6 3 )V^=r— V 1 6 41t:fi$nT^D> 

6 3 ^^iiiLfeSTtT'd^S^Tt^^ 1 6 5 §^IT, t^^gfe 
25 iibTCO^XA (wafer) 1 6 6 ±\Z mwm®,<Dfa<D rt? — >©i/ht$ 
I5$Mrw (fclxJf 1/4, 1/5, 1/6^) TSIt^o S^Tt^m 
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16 5ibTH Jffltff*, Kit*, X«R»JB$r*#teJBT#*. fib, 

XflSOI (silicon on insulator) fORWOSSTS&S, 

r>XA 1 6 6it ^IA7f-y 16 7 ±fcftj$Sn, ^7XA 16 6 
<£> 3 ^7cW^&«ttlKi&SI5 16 9 laoTli^tl^^IAXj-y 1 
6 7 iCfc^TIS^Sn*. £7c, l/f^Mf-yl6 4ttIliill 

10 6 8 £,£oT2#5cra£:&&. RtfHHEJ&*T# £ J: -5 t:ll$ *13o S 
Uj£&1 6 9^Ilill 6 8\Z±mfflMl 7 7lCfcoTOT$n§, 
f LT, ft^WFfctt, £ft!l»* 1 7 7 (DMfPOfciT, vIAXj-y 
1 6 7 0X77 ^iilli^T^IA 16 6 £fTofct&, 88 

Wf&mzftlsTU^Z )1>Xt—z? 1 6 4^btl/f^JH 6 3 £BtJ£ 

15 yjftK^SL, ^XA 1 6 6 S^IAXr-y 1 6 7 S^Ltft$M« 

&»&Jfc£bT^3£-r*£^'5Xxy ^ • 7> F • X3r* >yV5£T, ^7 
XA 1 6 6±©#>-3 ^ MRttfcl'^SUH 6 3©A^-y0f^^ 

20 £>^T&£. 

*W<DU%ftM 1 7 lS^SIMl 7 2 Ofcjg*)- 

fc-SB (0!l*.t;ft&££&ffil 7 2fc£) fc-*fc:HJ£LTt>Jll». &5 
^«IMzHl 7 lOTT^i:|^lTt)S^. fib, 1^1 
25 7 1 £»ttSn*«Sfc£W:»J«#fc:bT;l3< £ 
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it^o, ^fc> ^m^^y-r ^-xmm^nxm^nx^^tc 

=f- (%7 7 M— 15-1 — 15 — m, 1 7 - 1 ~ 1 7-n) l:<toT 

R^^tcfli^^ai 1 7 1 ^^m^o/^jvx^mmmmmxmm^^^ 

1 6 6 ±X(D/^)lXyt<D&m, ^XAl 6 60^SIK, A jl, X t£ CD 

&mh5 > a^i/M 6 svfe^mzmt&rtfrT.yt (bp 

^^(DI/^^^X^ — ^ 16 4 t£gglb&#g 1 6 8 CioTXj 
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:£0iJTte, l/^^;H 6 3 ±©77-f^ > K-^&taJt^77^ * 
>Ml80t, 16 5 1,^:7 • T^v-X^iCOT 

^-T^>h^l 8 1 i^lStt^tlT^o 

%yr^n- i 7 8 $^it77< ^>mi 8 o momm^m^ i 7 

9(C#^^bTV^ 0 fc&^mffi 1 7 9 tlttl Hll (a) O&S^ 

«77^^>h^l 8 0 &^^-r^^#tC-#:^^^Tfe#, 

SB 1 7 9 £ IN" £B£tl£ It t£t¥; £111 C$.fk(D I/— if7f:L B 5 ^T^-T * 

7^/>hil80H STtTttlRj-^S^CD^BJ^AL^l/^^^l 
6 3±077^^>h7-^7, %.Z$&B?t¥%kl 6 5£iILTg2p^- 

Ji^nt^ (ccd) T^T^bT^^feg-rn^^tB-r^^^T^^, i/ 

3^;H 6 3077^f^>h^77^^>h^l 8 1 £>^ — x^-f >ff 
^ • 7^y^^077^f ^>h*l 8 1«, 550-75 

o nmmmofc&m&m-D&'&yt c/n- ha> ^^iai6 6 
1077^ ;*> ^^^i^-r^<i:*t, -e^rtSBtifttt^nsfisi 

"7-^©ti:77^/>h"7-^0tt^Itif (CCD) ±fc|gfc 
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xai e 6 ±.0&is3vhm®<D77^*>htfnmm\zftKnz> o a 

7 1, 17 9) i:|Wl-^^©7 , e:^^S l J^ffl^ L ' T:foJ:V ' L/ ^ «3t%« 1 

7 i ~£9§# 1 6 2&K>te%mftmftm.z^m^>-z*>£^° 
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0j^H», mHM^(Dmm, mm. j&zfmm&^m 999^9^100 
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^ I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally fded" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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IV. Lack of unity of invention 



1. In response to the invitation to restrict or pay additional fees the applicant has: 
I I restricted the claims. 

paid additional fees. 
I 1 paid additional fees under protest. 
I 1 neither restricted nor paid additional fees. 



This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 68.1, 
not to invite the applicant to restrict or pay additional fees. 



3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 
1 1 complied with. 

not complied with for the following reasons: 

See supplemental sheet for continuation of Box IV. 3. 



4. Consequently, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 



all parts. 

I 1 the parts relating to claims Nos. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Statement 
Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-25 



3, 7, 8, 12, 20, 21 



YES 
NO 



_ YES 

1, 2, 4-6, 9-11, 13-19, 22-25 NQ 



1-25 



YES 
NO 



2. 



Citations and explanations 
Claim 1 

Document 1: US, 5838709, A (Nikon Corp.), 17 November 

1998 (17.11.98), entire text, & JP, 8-334803, 
A, & JP, 9-148658, A 
Document 1 discloses a laser device provided with 
wavelength conversion part having a plurality of non- 
linear optical crystals. 

Document 2: EP, 919852, Al (NEC Corp.), 2 June 1999 

(02.06.99), p. 8, line 33 to p. 9, line 23, 
Fig. 11, & JP, 11-160746, A 
Document 2 discloses a laser device that controls 
the temperature of non-linear optical crystals. 

A person skilled in the art could easily conceive of 
adding the temperature control device disclosed in 
Document 2 to each of the plurality of non-linear optical 
crystals disclosed in Document 1. 



Claim 2 
Document 3 ; 



Petrov, V., et al., "Vacuum ultraviolet 
application of Li 2 B 4 0 7 crystals: Generation of 
100 fs pulses down to 170 nm, " Journal of 
Applied Physics, Vol. 84, No. 11, 1 December 
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1998 (01.12.98), pp. 5887-5892 
Document 3 discloses a laser device that uses 
lithium tetraborate in non-linear optical crystals. 

Applying the lithium tetraborate disclosed in 
Document 3 in the non-linear optical crystals disclosed i 
Document 1 would be obvious to a person skilled in the 
art . 



Claim 4 

Document 4: Yoshimura, M. , et al., "Noncritically phase- 
matched frequency conversion in Gd x Y!_ 
x Ca 4 0(B0 3 )3 crystal," Optics Letters, Vol. 24, 
No. 4, 15 February 1999 (15.02.99), pp. 193- 
195 

Document 4 discloses the use of GdYCOB in non-linear 
optical crystals. 

Applying the non-linear optical crystals disclosed 
in Documents 3 and 4 as the non-linear optical crystals 
disclosed in Document 1 would be obvious to a person 
skilled in the art. 

Claim 5 

Document 5: Hu, Zhang-Gui, et al . , "A New Non-linear 
Optical Borate Crystal K2AI2B2O7 (KAB) , " 
Japanese Journal of Applied Physics, Vol. 37 
(1998), No. 10A, (Part 2 Letters), 1 October 
1998 (01.10.98), pp. L1093-L1094 
Document 5 discloses a device that uses KAB crystals 

as non-linear optical crystals. 

Applying the KAB crystals disclosed in Document 5 as 

the non-linear optical crystals disclosed in Document 1 

would be obvious to a person skilled in the art. 



Claim 6 
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Using the non-linear optical crystals disclosed in 
Document 4 and Document 5 as the non-linear optical 
crystals disclosed in Document 1 would be obvious to a 
person skilled in the art. 

Claims 9 and 10 

Applying the GdYCOB used in the non-critical phase 
matching disclosed in Document 4 to the non-linear optical 
crystals in the portion generating a quadruple wave 
disclosed in Document 1 would be obvious to a person 
skilled in the art. 



Claim 11 

Document 6: JP, 3-88379, A (Hoya Corp.), 12 April 1991 
(12.04.91), entire text, Fig. 1 (Family: 
none) 

Document 6 discloses a laser device having a 
wavelength conversion part provided with a plurality of 
relay optical systems that relay laser beams between a 
plurality of non-linear optical crystals. 

Applying the wavelength conversion part disclosed in 
Document 6 to the invention disclosed in Document 1 would 
be obvious to a person skilled in the art. 

Claims 13 and 14 

Document 7: JP, 10-339891, A (Nikon Corp.), 22 December 

1998 (22.12.98), entire text, Fig. 2 (Family: 
none) 

Document 7 discloses a laser device having an 
anisotropic optical system. 

Document 8: JP, 11-52443, A (Sony Corp.), 26 February 

1999 (26.02.99), Fig. 1 (Family: none) 
Document 8 discloses a laser device provided with a 

wavelength conversion part that converts the wavelength of 
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a plurality of light flux collected into a laser beam into 
the wavelength of ultraviolet light using a plurality of 
non-linear optical crystals. 

Applying the anisotropic optical system disclosed in 
Document 7 and the constitution for converting the 
wavelength of a plurality of light flux collected into a 
laser beam, disclosed in Document 8, to the laser device 
disclosed in Document 1 would be obvious to a person 
skilled in the art. 



Claim 15 

Applying the non-linear optical crystals disclosed 
in Document 3 and Document 5, the anisotropic optical 
system disclosed in Document 7, and the constitution for 
converting the wavelength of a plurality of light flux 
collected into a laser beam, disclosed in Document 8, to 
the laser device disclosed in Document 1 would be obvious 
to a person skilled in the art. 

Claim 16 

Applying the non-linear optical crystals disclosed 
in Document 4, the anisotropic optical system disclosed in 
Document 7, and the constitution for converting the 
wavelength of a plurality of light flux collected into a 
laser beam, disclosed in Document 8, to the laser device 
disclosed in Document 1 would be obvious to a person 
skilled in the art. 



Claim 17 

Applying the non-linear optical crystals disclosed 
in Document 3 and Document 5 to the laser device disclosed 
in Document 1 would be obvious to a person skilled in the 
art. 



Form PCT/IPEA/409 (Supplemental Box) (January 1994) 




THIS PW* BLANKS 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



international application No. 
PCT/JP 00/06131 



Claim 18 

Applying the non-linear optical crystals disclosed 
in Document 4 to the laser device disclosed in Document 1 
would be obvious to a person skilled in the art. 

Claim 19 

Applying the constitution for converting the 
wavelength of a plurality of light flux collected into a 
laser beam, disclosed in Document 8, to the invention 
disclosed in Document 1 would be obvious to a person 
skilled in the art. 

Claims 22 to 25 

Combining (or applying) the inventions disclosed in 
Documents 1 to 8 as noted in the above comments to produce 
an exposure device, a manufacturing method for an exposure 
device, or a manufacturing method for a device, would be 
obvious to a person skilled in the art. 



Claims 3, 7, 8, 12, 20, and 21 

None of the documents cited in the international 
search report discloses or suggests the generation of an 
octuple wave from a fundamental wave and the septuple wave 
of the fundamental wave, the generation of an octuple wave 
from a quadruple wave and the use of KAB crystals in a 
portion generating the aforementioned octuple wave, the 
conversion of a 1.5 [im fundamental wave to an octuple 
higher harmonic wave or a ten-fold higher harmonic wave, 
or the conversion of a 1.1 p fundamental wave to a 
septuple higher harmonic wave. 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: IV. 3 



Claim 1 pertains to the temperature control of non- 
linear optical crystals. 

Claims 2 to 10 and 15 to 25 pertain to 
specification of a non-linear optical crystal material, 
or to the use of a wavelength conversion part, which uses 
the non-linear optical material, in a portion that 
generates high-order light. 

Claims 11 to 13 and 14 pertain to specification of 
the constitution for optical systems (lenses, prisms) in 
a wavelength conversion part. 
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